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Title of the Invention: 

Semiconductor Device and its Manufacturing Method 

A Method for Thinning a Substrate of GaN FET and a Method 

for Forming Via Holes 

What is Claimed is: 

In a GaN semiconductor device formed on a different 
kind of single-crystal substrate, 

1. After lapping is performed to the thickness not larger 
than around 100 |J.m in a solution containing diamond abrasive 
grains reducing the grain size in plural steps, lapping 
strain is removed by etching by using phosphoric acid or 
phosphoric acid/sulf uric acid solution. 

2. A protective film, which is a SiOa, SiN, or polyimide 
film, having a resistance to phosphoric acid is provided 
on the device side. 

3 . Only the substrate is immersed to said etchant . 

As to forming a via hole: 

4 . GaN FET electrically connected to a device from the 
substrate side through a via hole, 

5. Etchant for forming a via hole is phosphoric acid or 
phosphoric acid/sulf uric acid mixed liquid in the 
temperature of 150 through 450 °C. 

6. In said etching, a mask film having resistance is 
composed of the first layer thin film of any of Cr, Ti, or 
Ni and the second layer thick film of Pt , Pd, or Au. 
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7- Only the substrate side is immersed to etchant. 

8. As a processing method not using a mask (maskless), 
by selective ablation using infrared rays laser with 

wavelengths longer than approximately 6 j-im, a step having 
the height of 10 |im or more is formed at the desired location 
on a substrate, and by using said etchant, etching is 
performed uniformly, and a via hole is formed at the desired 
location . 

9. Used as a light source is CO2 pulse laser with the 
wavelength of 10.6 \im. 

10. A single-crystal substrate on which a GaN device is 
formed is sapphire, spinel, YAP (perovskite yttrium 
aluminate) , or SiC. 

Applicable Field: 

The present invention relates to a processing method 
of a substrate on which a compound semiconductor FET is formed . 
In a nitride device, new techniques regarding methods for 
thinning a substrate in order to facilitate heat radiation 
and forming a via hole enabling to reduce the source 
inductance are provided, 

AlGaInN semiconductors containing GaN as the major 
component are direct transitional semiconductors having 
energy widths ranging from 1 . 9 eV to 6 . 2 eV, and light devices 
have been placed under active developments in the range from 
the visible spectrum to the ultraviolet spectrum. 
Additionally, GaN semiconductors have a large possibility 
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as material of electron mobility devices. That is, 
saturation electron velocity of GaN is approximately 2 . 5x10^ 
cm/s, which is larger than those of Si, GaAs or SiC, and 
its breakdown electric field is as large as 5x10^ V/cm next 
to the intensity of diamond. For these natures, GaN 
semiconductors have been expected to be greatly hopeful as 
materials of high-frequency, high-power semiconductor 
devices . 

In case of manufacturing a GaN semiconductor transistor, 
GaN bulk substrate is formed on a single-crystal substrate 
such as sapphire or SiC by CVD or MBE. Although thermal 
conductivity of GaN at the room temperature is 1.3 W/cmK 
and larger than thermal conductivity 0.3 W/cmK of GaAs, 
thermal conductivity of sapphire at the room temperature 
is 0.4 W/cmK similarly to that of GaAs. Therefore, when 
using a sapphire substrate, it has been pointed out that 
a GaN FET for a high output power was especially bad in heat 
dissipation (Reference 1: C.E. Weitzel, Inst. Phys. Conf . 
Ser., No. 142,765 (1996)). For a high frequency operation , 
source inductance has to be reduced. Conventionally, 
electric connection through a via hole in a substrate has 
been applied to GaAs. However, when using very hard and 
stable substrates such as sapphire and SiC, an effective 
method has not been provided. 

Related Art: 
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As basic technologies for realizing a GaAs compound 
semiconductor FET device for higher operative frequencies 
and higher output power, there have been techniques for 
thinning a GaAs substrate and making a via hole. These 
techniques are summarized below. 

(Reference 2: Masumi Fukuda, Fundamentals of GaAs Field 
Effect Transistors , Denshi Joho Tsushin Gakkai , 1992, P,207; 
Reference 3: GaAs via hole patent, US 4015278 (1972); 
Reference 4: Y. Hirachi, Int. Electron Device Meet . , Tech. 
Dig. , p676 (1981) ) , 

For thinning a GaAs substrate, first conducted primary 
lapping using a granular abrasive material of SiC or alumina . 
Then, by using abrasive grains of a grain size of 1 (im or 
lessof Ce02, ZrOa, Cr02, or the like, the substrate is polished 
on a soft polisher such as synthetic resin or artificial 
leather to remove processing strain by lapping . As a result , 
the remainder depth of the processing strain is reduced to 
10 |am or less, but additional processing by wet etching may 
be applied. Concerning making the via hole, since GaAs is 
readily dissolved by any of sulfuric acid/hydrogen peroxide 
solution or alkali solution, wet etching is essentially 
sufficient for making the via hole. However, since side 
etching becomes large and it is difficult to control the 
shape of the via hole, RIE or ion milling is used normally. 
When using RIE, an etching rate as high as 50 to 100 [im/hr 
can be obtained, and the via hole can be made easily, by 
using CClaFa/He as the gas and using SiOa or an organic resist 
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film as the mask. GaAs substrates are readily processed 
either mechanically or chemically as above described, and 
have already been realized. 

However it is difficult to employ the technique to a 
GaN electron device. GaN electron devices are made on the 
sapphire substrate and the SiC substrate. For example, wet 
etching cannot be applied to the sapphire substrate on which 
a device is made because wet etching cannot be used without 
any effective etchant. As to dry etching, its etching rate 
is as very low as several |-im/hr in maximum, and there is 
no selective mask. Therefore, it is actually impossible 
to thin the substrate or make the via hole with any of these 
methods. If the sapphire substrate is forcibly thinned by 
lapping, it will curve due to a lapping strain (as the device 
side to be concave), and it will finally break down. As 
to making the via hole, nothing has been reported. 

Subject to be Solved by the Invention: 

For thinning a sapphire substrate on which a GaN device 
has been already formed, there are some problems to solve. 
One of the problems is to thin the substrate sufficiently, 
namely to the thickness around 10 |J.m, in the process of 
thinning the sapphire substrate by using lapping or other 
method, without damaging the device on the surface of the 
substrate, while minimizing the processing strain and 
preventing warpage or breakage of the substrate. Unlike 
the case using a GaAs substrate , warpage causes difficulties 
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in subsequent processes unless substantially all of the 
strain in the thinned substrate is removed finally. Another 
problem is to find out an optimum processing method for making 
the via hole. Use of molten coral sand around 900 °C and 
use of molten phosphoric acid around 400 °C are known as 
methods for wet etching of sapphire. It is necessary to 
make reviews to estimate applicability of these methods as 
a technique for making the via hole, to find out possible 
materials usable as a mask in the technique, and also to 
make researches to find out a new simple method replacing 
the conventional masking method. 

That is, it is necessary to find out techniques for 
thinning the sapphire substrate on which the GaN device has 
been already formed to the thickness of decades of p,m without 
damaging the device, and making the via hole at the desired 
location. 

Means for Solving the Subject: 

V/hen a substrate of a hard material such as sapphire 
substrate is used, diamond powder is a sole granular abrasive 
material acceptable for use in lapping. Thickness of the 
layer changed in quality by lapping processing amounts 
several times the grain size of the abrasive grains. 
Therefore, if the substrate should be thinned to the 
thickness around 20 \xm, for example, since the thickness 
of the sapphire substrate before being thinned is about 400 
\im, it is first processed by lapping, using an abrasive liquid 



containing diamond granular abrasive material with the grain 
size of 30 [im, for example. If it is further thinned, then 
the ratio of the layer changed in quality will increase, 
and a large strain will invite warpage or breakage of the 
substrate. Then, by using a diamond granular abrasive 
material with a grain size of 10 \xm, for example, it is 
processed by lapping to the thickness around 100 |im. As 
a result , the layer changed in quality made by the preceding 
lapping can be removed. However, another strained layer 
of the thickness of decades of [im newly appears . Therefore , 
by using an abrasive liquid containing a granular abrasive 
material with a grain size around 1 |im, for example, it is 
processed by lapping or polishing to the thickness around 
40 Jim. The strained layer has been fully removed 
conventionally by mechano- chemical polishing. In case of 
GaAs substrates, for example, it has been known that the 
strained layer can be removed by polishing by using 
hypochlorous acid solution containing micro soft grains. 
As to sapphire, no polishing by using such a solution has 
been known. Then, the following method is used. An 
appropriate amount of sulfuric acid is added to phosphoric 
acid, and the temperature is held at 280 °C. This liquid 
has an etching rate around 10 fim/hr for sapphire. 
High- temperature phosphoric acid has been known to have an 
etching function of sapphire. It is described in Reference 
5: Ceramics Processing Handbook, Kensetsu Sangyo Chosakai 
(1987), for example. However, direct exposure of a device 



to such a high-temperature corrosive solution invites 
characteristic deterioration of the device and wiring. 
Therefore, there is the need for a countermeasure to ensure 
that phosphoric acid never touches the device side. For 
this purpose, a first effective measure is to bring only 
the substrate side into contact with the liquid, and a second 
effective measure is to make a protective film on the device 
side . Effective as the protective film are oxide or nitride 
such as CVDSi02 having a resistance to phosphoric acid, and 
heat-resistant polyimide film. 

For making the via hole , conventional dry etching cannot 
be employed. Fig. 1 shows a form after the via hole was 
formed. On the sapphire substrate which is thinned to the 
thickness of decades of |am, a two -layered film composed of 
a thin film of a metal well adhesive to the oxides such as 
Ni, Cr, Ti, or the like and ametal filmresistant to phosphoric 
acid such as Pt, Au, or the like is locally formed at the 
location for the via hole by lithography. The substrate 
is immersed into a phosphoric/sulf uric acid solution held 
at approximately 280 °C, for example. Since the etching 
rate is approximately 10 p.m/hr , the etching time is adjusted 
depending upon the thickness of the substrate . The location 
where the via hole is formed is a common pad area connected 
to a source electrode or a source , and the location is removed 
by etching. There are remained the GaNCVD film with the 
thickness of decades of |J-m and the Au pad film. Therefore 



GaN is removed by RIE. If CI2 gas is used as the etching 
gas, the etching rate is 5 to 10 jxm/hr and the ratio of the 
etching rate for Au is approximately 3 or more. Therefore, 
the Au film can be sufficiently maintained even after etching 
the GaN to a slightly over-etching level, if the Au on the 
pad originally has the thickness around 1 |am or more. It 
may occur that the Cr/Pt wet etching mask on the sapphire 
substrate is removed while the GaN is etched by RIE , However , 
it is immaterial. The substrate on which the via hole was 
formed is plated with Cr/Au having the thickness larger than 
that of the substrate by the already known method. Ni or 
Cr and Au are stacked by vacuum evaporation, for example, 
and then a Au film with the thickness of from decades of 
Jim to hundreds of [im, is deposited on the metal layers by 
plating. The thick Au plate makes electric connection and 
functions to radiate heat. 

As an alternative method for making the via hole, there 
is a method using a pulse laser beam. Refer to Fig. 2. AI2O3 
absorbs infrared rays with wavelengths longer than 
approximately 6 (im. By irradiating a CO2 laser with the 
wavelength of 10.6 \xm, for example, it is locally heated 
to a very high temperature to cause ablation of sapphire. 
This is a technique brought into practical use for scribing 
alumina substrates. More specifically, by irradiating a 
single pulse with the peak output of 300 W, pulse width of 
200 |as, andbeamdiameter of approximately 100 |im, for example, 
a hole of a depth around 200 |im can be made in the alumina 



substrate. Therefore, for example, after making a hole with 
a depth around 50 |im to a desired location of the sapphire 
substrate with the thickness around 200 fim, by uniformly 
etching the location to the depth of 150 |-im using phosphoric 
acid/sulf uric acid solution heated to a high temperature, 
the via hole can be made . This method is a maskless process , 
and therefore needs much less steps. However, there is a 
difficulty that the location where the laser is to be 
irradiated must be decided from the substrate side. 

Function : 

Heat from a GaN electron device moves to the substrate 
(single -crystal such as Si, GciAs, or sapphire, for example) 
due to heat conduction. In case of a high-power device, 
heat is typically radiated through a metal heat sink. 
Therefore, it is advantageous that the substrate supporting 
the device is as thin as possible , and the substrate is thinned 
to the limit within a range acceptable for mechanical 
strength. In case of using sapphire, as shown in Fig. 3, 
it is considered that heat conductivity decreases with 
increase of temperature and heat radiation becomes difficult 
as the temperature rises. By thinning of the substrate by 
the present invention, efficient heat radiation is ensured, 
and the increase in temperature can be alleviated. The 
via hole is formed in order to reduce the inductance 
accompanying to its electrode. This has been already 
performed in GaAs device. The same effect can be obtained 



in the GaN divce according to this forming method. 
Embodiment : 

Embodiment 1: Thinning of a GaN FET/sapphire substrate 
Fig. 4, Fig. 5 

A device layer composed of GaN FET, a metal wiring, 
and an inter- layer insulating film is stacked on the sapphire 
substrate with the thickness of around 400 |im. A 
heat-resistant polyimide film with the thickness of around 
10 i-im is spread on the device layer. After that, a Si 
substrate with the thickness of 250 i-im is put on and bonded 
to polyimide film. Thereafter, a lapping tool is bonded 
via wax. Thickness of the GaN is approximately 4 ^im. 
Subsequently, lapping is executed in a water solution 
containing diamond abrasive grains with the grain size of 
20 to 40 [im. When the thickness is reduced to approximately 
around 200 \im, the sample and the lappingplatform are washed. 
After that, lapping is executed to the thickness of 100 fim 
in a water solution containing diamond abrasive grains with 
a grain size of 5 to 12 |-im. After that, the sample is warmed 
on a hot plate, the lapping tool is detached, and the wax 
is removed. Then only the etching surface is immersed into 
H3PO4/H2SO4 mixed liquid heated to 285 °C. This is performed 
in the next manner. 

H3PO4/H2SO4 mixed liquid mixed in the ratio of 
H3P04:H2S04=1 : 1 is put into a Ft container in form of a Petri 
dish on the hot plate. As shown in Fig. 5, the GaN/ sapphire 



substrate is put on a float cover of a doughnut -shaped Pt 
plate having an outer diameter slightly smaller than the 
diameter of the Petri dish and an inner diameter slightly 
smaller than the diameter of the sapphire substrate, and 
is set so that the sapphire substrate just contacts the mixed 
liquid. Thereby, it becomes possible to prevent 
evaporation of moisture from phosphoric acid and maintain 
composition of phosphoric acid constant, and also to ensure 
that only one surface of the sapphire substrate contacts 
the mixed liquid. Since Si substrate is used for preventing 
warpage of the thinned substrate after lapping and 
facilitating handling of the thinned substrate, it is not 
indispensable . 

Embodiment 2 : Forming of a via hole and back coating of metal 
Fig. 1 

The substrate made in Embodiment 1 is used. A resist 
mask is formed by the usual photolithography, and a Cr with 
the thickness of 20 nm and a Pt with the thickness of 0.1 
|am are sequentially made thereon by vacuum evaporation, and 
an etching mask is formed by lifting. The substrate is 
immersed into the phosphoric acid/ sulfuric acid liquid 
heated to 285 °C similarly to the manner in Embodiment 1, 
for approximately 3 hours to selectively etch the source 
pad area. Thereafter, the substrate is introduced into a 
RIE apparatus, and the GaN under the source pad is etched 
from the sapphire substrate, using CI2 gas, and using the 



sapphire substrate as a mask. In this case, the etching 
rate may be approximately 10 |J,m/hr. The GaN can be removed 
in approximately 25 minutes at this time. After a 20 nm 
thick Cr and a 5 \xm thick Au are stacked by vacuum evaporation , 
Au with the thickness of 100 |im is plated. Polyimide is 
removed by using an organic solvent and the device can be 
made as shown in Fig. 6. 

Embodiment 3: Method for forming a via hole; the second; 
laser pulse method 
Fig. 7 

Used is the sapphire substrate thinned to the thickness 
of around 200 |im in Embodiment 1. A CO2 pulse laser having 
the leading output of 150 W, pulse width of 200 [is, the beam 
diameter of approximately 100 fim, and the wavelength of 10*6 
l-tm is irradiated a single pulse to one point in the region 
of the source pad in order to make a warhead- like shaped 
hole with the diameter of around 100 [xm and the depth of 
around 100 \im. Next using a phosphoric acid/ sulfuric acid 
mixed liquid, similarly to the method used in Embodiment 
2, the sapphire substrate is processed by non-selective 
etching. As a result, the sapphire substrate is reduced 
uniformly. By etching of 10 hours, the sapphire substrate 
under the source pad is removed, and the via hole is formed. 
At that time, the sapphire substrate is also etched in the 
lateral direction. As a result, the diameter of the via 
hole on the surface of the sapphire substrate becomes larger 
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than the diameter of the hole initially made. The diameter 
of the GaN exposed by the etching of the sapphire substrate 
becomes large with the progress of the etching of the sapphire 
substrate. Therefore, the diameter of the exposed GaN is 
determined as desired size by controlling the etching 
processing conditions. After that, in the same manner as 
Embodiment 2, the thick film of Au is formed. 

Effects : 

1. By thinning the substrate, efficient heat radiation 
to the heat sink is ensured and the increase in temperature 
of the device can be alleviated. As a result, the increase 
of gate leak and the decrease of carrier mobility can be 
prevented, and a high frequency characteristic can be 
maintained to a high output power. 

2. Many devices can be set in per unit area, and output 
increases . 

3. Since the increase in temperature is alleviated, the 
deterioration of the material composing the device can be 
alleviated. For example, migration of a metal wiring can 
be controlled , and the reliance on the inter- layer insulating 
film can be improved. 

4. By forming the via hole, source inductance can be 
reduced and a high frequency characteristic is improved . 
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FIG- 1 Forming a via hole 
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FIG. 2 Method for forming a maskless via hole 
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Fig. 3 Thermal conductivity of sapphire 
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F±g- 4 Embodiment 1 Thinning of a sapphire substrate 
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Fig. 5 Embodiment of the thinning of a sapphire substrate 
using phosphoric acid/ sulfuric acid mixed liquid 
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Fig. 6 Form of the device after processing 
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Fig. 7 Embodiment 3 Forming a via hole 
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